Down-regulation of glutamine synthetase enhances migration of rat astrocytes after in vitro injury.
Astrocytes undergo reactive transformation in response to physical injury (reactive gliosis) that may impede neural repair. Glutamine synthetase (GS) is highly expressed by astrocytes, and serves a neuroprotective function by converting cytotoxic glutamate and ammonia into glutamine. Glutamine synthetase was down-regulated in reactive astrocytes at the site of mechanical spinal cord injury (SCI) and in cultured astrocytes at the margins of a scratch wound, suggesting that GS may modulate reactive transformation and glial scar development. We evaluated this potential function of GS using siRNA-mediated GS knock-down. Suppression of astrocytic GS by GS siRNA increased cell migration into the scratch wound zone and decreased substrate adhesion as indicated by the number of focal adhesions expressing the adaptor protein paxillin. Migration was enhanced by glutamine and suppressed by glutamate, in contrast to the result expected if enhanced migration was due solely to changes in glutamine and glutamate concomitant with reduced GS activity. The membrane type 1-matrix metalloproteinase (MT1-MMP) was up-regulated in GS siRNA-treated astrocytes, while a broad-spectrum MMP antagonist inhibited migration in both wild type and GS knock-down astrocytes. In addition, GS siRNA inhibited expression of integrin β1, while antibody-mediated inhibition of integrin β1 impaired direction-specific protrusion and motility. Thus, GS may modulate motility and substrate adhesion through transmembrane integrin β1 signaling to the cytoskeleton and by MMT-mediated proteolysis of the extracellular matrix.